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@ Electronic element mounting method and apparatus therefor. 



® A circuit element mounting method and an ap- 
paratus therefor capable of effectively preventing the 
positional and rotational deviation of a circuit ele- 
ment (62) with respect to a suction nozzle (44), to 
thereby ensure the circuit element mounting opera- 
tion with high accuracy. The position and posture of 
the circuit element (62) held on the suction nozzle 
(44) moved to a circuit element mounting position 
(R) in an X-Y plane are recognized through an image 
(Processing unit including an image pickup means 
(50) and then the suction nozzle (44) is kept station- 
ary. 



1^- 



10 16 



12 



15 



48 



^ QOOOOOOOOQ I J 



20 



.26 



""5 — 

■24 

50 



UNIT 



1 



EP 0 471 272 Al 



2 



BACKGROUND OF THE INVENTION 

This invention relates to a circuit element 
mounting method and an apparatus therefor, and. 
more particularly to a method for mounting circuit 5 
elements §uch as various kinds of chip-type circuit 
elements, surface-mounting type integrated circuit 
elements and the like on a printed circuit board 
and an apparatus therefor. 

A typical circuit element mounting apparatus io 
which has been conventionally proposed in the art 
is disclosed in. for example. Japanese Patent Ap- 
plication Laid-open Publication No. 62-21469 
(21469/1987). The disclosed circuit element mount- 
ing apparatus is so constructed that leads of a /s 
circuit element held on a suction nozzle by suction 
are recognized by means of an image processing 
unit including an image pickup means, resulting in 
the position and posture (rotation) of the leads 
being corrected, and then the circuit element is - 20 
moufited on a printed circuit board while being 
suckedly held on the suction nozzle. 

In the conventional circuit element mounting 
apparatus as disclosed in Japanese Patent Applica- 
tion Laid-open Publication No. 62-21469. the im- 25 
age pickup means is arranged independently of the 
suction nozzle. More particularly, the image pickup 
means is arranged at a position irrelevant to a 
mounting position in an X-Y coordinate plane on 
which the suction nozzle is to be moved for mount- 30 
ing the circuit element on the printed circuit board. 
Thus, in the conventional apparatus, it is required 
to move the suction nozzle to a location above the 
printed circuit board which is. kept stopped for 
positioning and vertically move it with respect to 35 
the .printed circuit board for the circuit element 
mounting operation, after the position and posture 
of the circuit element are recognized through the 
image pickup means. 

Unfortunately, the movement of the suction 4o 
nozzle in the X-Y directions while suckedly holding 
the circuit element on the suction nozzle after the 
operation of recognizing the position and posture of 
the circuit element by means of the image pro- 
cessing unit including the image pickup means 45 
causes misregistration or deviation between the 
suction nozzle and the circuit element, so that the 
mounting of the circuit element on the printed 
circuit board is carried out in an incorrect posture 
or failed. More particularly, when the mounting of a so 
large-sized circuit element such as a surface- 
mounting type integrated circuit (10) element or the 
like is to be carried out, the above-described mis- 
registration or deviation causes the suction nozzle 
to fail to hold the circuit element while keeping it in 55 
a correct position or posture, resulting in the circuit 
element being mounted in an incorrect posture on 
the printed circuit board. Whereas, when a circuit 



element in which leads are atfanged at small inter- 
vals such as a QFP or the like is to be mounted on 
the printed circuit board, the misregistration causes 
the mounting to be substantially failed even when 
the misregistration is slight. 

SUMMARY OF THE INVENTION 

The present invention has been made in view 
of the foregoing disadvantage of the prior art. 

Accordingly, it is an object of the present in- 
vention to "provide a circuit element mounting meth- 
od which is capable of carrying out the mounting 
operation with high accuracy. 

It is another object of the present invention to 
provide a circuit element mounting method. which 
is capable of accomplishing the mounting operation 
while keeping a circuit element in a correct pos- 
• ture.' - • ■ * 

It is a further object of the present invention to 
provide a circuit element mounting method which 
is capable of minimizing the amount of operation of 
a suction nozzle carried out after the position and 
posture of a circuit element Is recognized through 
an image processing unit including an image pic- 
kup means. 

It is still another object of the present invention 
to provide a circuit element mounting apparatus 
v/hich is capable of permitting the mounting opera- ' 
tion to be carried out with high accuracy. 

It is yet another object of the present invention 
to provide a circuit element mounting apparatus 
which is capable of attaining the mounting opera- 
tion while keeping a circuit element in a correct 
posture. 

It Is a still further object of the present inven- 
tion to provide a circuit element mounting appara- 
tus which is capable of substantially eliminating the 
deviation of a circuit element with respect to a 
suction nozzle. 

It is a yet further object of the present invention 
to provide a circuit element mounting apparatus 
which is capable of minimizing the amount of op- 
eration of a suction nozzle carried out after the 
position and posture of a circuit element Is recog- 
nized through an image processing unit including 
an image pickup means. 

In accordance with one aspect of the present 
invention, a circuit element mounting method is 
provided which is adapted to hold each of circuit 
elements fed from a circuit element feed section on 
a suction nozzle by suction to mount it on a posi- 
tion designated on a printed circuit board sup- 
ported on an X-Y table. The method comprises the 
steps of moving the suction nozzle to a location 
above a circuit element mounting position in an X- 
Y plane while holding the circuit element on the 
suciion nozzle by suction, recognizing the position 
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and posture of the circuit element helcJ on the 
suction nozzle by means of an image processing 
unit including an image pickup means, and moving 
the X-Y table depending upon results of the above- 
described recognizing step to carry out mounting 
of the circuit element on the designated position on 
the printed circuit board. 

In accordance with another aspect of the 
present invention, a circuit element mounting ap- 
paratus for holding each of circuit elements fed 
from a circuit element feed, section on a suction 
nozzle by suction to mount it on a position des- 
ignated on a printed circuit board supported on an 
X-Y table is provided. The apparatus includes an 
image pickup means arranged at a position which 
permits an image of the circuit element held on the 
suction nozzle moved to a location above a circuit 
element mounting position in an X-Y plane to be 
taken to recognize the position and posture of the 
circuit element. The X-Y table has a range of 
movement sufficient to permit an operation of mov- 
ing the printed circuit board so as to prevent it 
from obstructing image pickup of the circuit ele- 
ment through the image pickup means and an 
operation of coinciding a coordinate of the des- 
ignated position on the printed circuit board in the 
X-Y plane with the circuit element mounting posi- 
tion to be carried out. 

In a preferred embodiment of the present in- 
vention, the image pickup means is movable within 
a predetermined range. 

In a preferred embodiment of the present in- 
vention, the suction nozzle is arranged so as to 
merely rotate for correction and vertically move 
after the circuit element is recognized through the 
image pickup means. 

In a preferred embodiment of the present in- 
vention, the X-Y table is arranged so as to exhibit a 
function of rotating for correction, so that the suc- 
tion nozzle merely vertically moves after the circuit 
element is recognized through the image pickup 
means. 

In a preferred embodiment of the present in- 
vention, the X-Y table is arranged so as to exhibit 
both a function of vertically moving and a function 
of rotating for correction, so that the suction nozzle 
is kept stationary after the circuit element is recog- 
nized through the image pickup means. 

In a preferred embodiment of the present in- 
vention, the image pickup means is mounted on 
the X-Y table. In this instance, the range of move- 
ment of the X-Y table is defined so as to permit the 
image pickup means to be positioned in proximity 
to the circuit element mounting position. 

In the present invention constructed as de- 
scribed above, the position and posture of the 
circuit element held on the suction nozzle moved 
to the coordinate position for mounting in the X-Y 



plane are recognized by means of the image pro- 
cessing including the image pickup means. There- 
after, the suction nozzle is not moved within the X- 
Y plane. Substitutionally. the printed circuit board is 

5 moved through the operation of the X-Y table. 
Thus, the deviation of position and posture of the 
circuit element due to the movement'of tKe suction 
nozzle is effectively eliminated, to thereby ensure 
the circuit element mounting operation with high 

10 ' accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and many of the at- 
75 tendant advantages of the present invention will be 
readily appreciated as the same becomes better 
understood by reference- to the following detailed 
description when considered in connection with the 
accompanying drawings; 
20 wherein: 

Fig. 1 is an enlarged plan view showing an 
embodiment of a circuit element mounting ap- 
paratus according to the present invention; 
Fig. 2 is a front elevation view of the apparatus 
25 shown in Fig. 1; 

Fig. 3 is a side elevation view of the apparatus 
shown in Fig. 1; 

Fig. 4 is a schematic view showing the manner 
of mounting a chip-type .circuit element on a 

30 printed circuit board; 

Fig. 5 is a schematic view exemplifying the 
manner of correcting the position and posture of 
a chip-type circuit element; 
Fig. 6 is a schematic view showing the manner 

35 of picking up a surface-mounting type integrated 
circuit element by means of a' suction nozzle 
and recognizing the position and posture of the 
circuit element by means of an image process- 
ing apparatus including an image pickup means; 

40 Fig. 7 is a schematic view exemplifying the 
manner of correcting the position and posture of 
a surface-mounting type integrated circuit ele- 
ment; 

Fig. 8 is a schematic view showing the manner 
45 of mounting of a surface-mounting type inte- 
grated circuit element on a printed circuit board; 
Fig. 9 is a fragmentary schematic side elevation 
view showing an essential part of another em- 
bodiment of a circuit element mounting appara- 
50 tus according to the' present invention: and 

Fig. 10 is a fragnientary schematic side eleva- 
tion view showing an essential part of a further 
embodiment of a circuit element mounting ap- 
paratus according to the present invention. 

55 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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Nov/, a circuit element mounting method ac- 
cording to the present invention and an apparatus 
therefor will be described hereinafter with reference 
to the accompanying drawings. 

Figs. 1 to 3 illustrate an embodiment of a 
circuit element mounting apparatus according to 
the present invention, which is adapted to mount a 
chip-type circuit element (hereinafter referred to as 
"chip"), a surface-mounting type integrated circuit 
(IC) element and the like on a printed circuit board. 
A circuit element mounting apparatus of the illus- 
trated embodiment includes a base 10. which has a 
first circuit element feed section 12 for feeding 
various kinds of chip-type circuit elements and a 
second circuit element feed section 14 for feeding 
surface mounting-type IC elements such as a QFP 
and the like arranged thereon. The word "chip" 
used herein may include a circuit element without 
any leads, as well as a circuit element having a 
small number of leads for surface mounting. 

The first circuit element feed section 12 in- 
cludes a plurality of feed units 16 which are ar- 
ranged side by side for feeding chips. The feed 
units 16 include a tape feeder, a stick feeder and 
the like. The feed units 3 each function to feed 
chips one by one to each of chip pickup positions 
defined along dashed lines P in Fig. 1. 

The second circuit element feed section 14 
includes a tray sequencer 1S for extracting a plural- 
ity of surface-mounting type IC elements arranged 
on a tray one by one and functions to feed the IC 
elements one by one to a circuit element position 
on the dashed line P in Fig. 1. 

The apparatus of the illustrated embodiment 
also includes an X-Y table 20 fixedly arranged on 
the base 10. More particularly, the X-Y table 20 
includes an X-direction slide table 22 provided so 
as to be slidable in an X direction on an X-direction 
rail 24 which may" be mounted on the base 10 and 
a Y-direction slide table 26 disposed so as to be 
slidable in a Y direction on a Y-direction rail 28 
fixed on the X-direction slide table 22. On the X-Y 
table 20 and more particularly on the Y-direction 
slide table 26. as shown in Figs. 2 and 3. is a 
board support rail 30 for slidably supporting a 
printed circuit board 32 thereon. The printed circuit 
board 32 is positioned with respect to the board 
support rail 30 along the rail 30 using a board 
positioning means (not shown). The printed circuit 
board 32 Is moved within such a maximum moving 
range as indicated at a square Q of two-dot chain . 
lines in Fig. 1. 

Also, the apparatus of the illustrated embodi- 
ment, as shown in Figs. 2 and 3, further includes 
an X-direction rail 34 arranged above the base 10 
and an X-direction slider 36 slidably supported on 
the X-direction rail 34, as well as a Y-direction rail 
38 fixedly mounted on the X-direction slider 36 and 



a Y-direction slider 40 slidably supported on (he Y- 
direction rail 38. On the so-arranged Y-direction 
slider 40 is supportedly mounted an X-Y mounting 
head 42. which includes a suction nozzle 44 adapt- 
5 ed to hold a circuit element thereon by suction. 

Between the first circuit element feed section 
12 and the -X-Y table 20, as shown in'Tig.'l, are 
arranged a first image pickup means 46 such as a 
CCD camera or the like for taking an image of a 
10 chip held on the suction nozzle 44 by suction for 
recognizing the position and posture of the sucked 
chip through an image processing unit and a noz- 
zle change station 48. The nozzle change station 
48 serves to change the suction nozzle 44 moun- 
15 ted on the X-Y mounting head 42. so that the 
mounting head 42 may have the suction nozzle 44 
of an optimal diameter depending upon a circuit 
element to be handled. 

Also, on the base 10 is mounted a second 
20 image pickup means 50 such as a CCD camera or 
the like for taking an image of a surface-mounting 
type IC element such as a QFP or the like to 
recognize the position and posture of the sucked 
IC element through an image processing unit. The 
25 second image pickup means 50 is arranged at a 
predetermined position in an X-Y plane or horizon- 
tal plane. The predetermined position, as shown in 
Fig. 1, is defined so as to coincide with an IC 
element mounting position R resulting from the 
30 movement of the suction nozzle 44 having the IC 
element held thereon in the X-Y plane or be a 
position which permits the Image pickup means 50 
to take an image of the IC element suckedly held 
on the suction nozzle 44 moved to a location above 
35 the IC element mounting position R. For example, 
the IC element mounting position R may be desir- 
ably a center of the range of movement of the X-Y 
table 20, because it permits the amount of move- 
ment of the X-Y table 20 during the IC element 
40 mounting operation to be reduced. 

The above-described components and/or 
mechanisms provided on the base 10. as shown in 
Figs. 2 and 3, are covered with an upper casing 52 
provided with openings for the operation of the 
45 apparatus and the like as required. 

The board support rail 30 of the X-Y table 20 is 
supplied with the printed circuit boards 32 from an 
external board carrying conveyor 54 through a 
board Inlet 56. At this time, the X-Y table 20 is kept 
50 positioned a little to the left in Fig. 3. After the 
mounting operation, the printed circuit boards 32 
each are then discharged through an board outlet 
to the external board carrying conveyor 54. 

The manner of operation of the circuit element 
55 mounting apparatus of the illustrated embodiment 
constructed as described above will be described 
hereinafter with reference to Figs. 1 to 8. 

The printed circuit boards 32 fed through the 
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board carrying conveyor 54 each are supported on 
the board support rail 30 of the X-Y table 20 and 
located at a position predetermined v/ith respect to 
the rail 30. Then, the X-Y table 20 is stopped at a 
fixed position nearest the first image pickup means 
46. 

Then, the operation of mounting the chips fed 
from the first circuit element feed section 12 is 
executed by moving the suction nozzle 44 in the X- 
Y plane while keeping the X-Y table 20 stopped. 
More particularly, as generally indicated at an ar- 
row A in Fig. 4. the suction nozzle 44 is moved to a 
location above the chip pickup position P of des- 
ignated one of the feed units 16 of the first circuit 
element feed section 12 to hold a chip 60 thereon 
by suction, as indicated at the arrow A in Fig. 4. 
Then, the suction nozzle 44 is transferred to a 
location above the first image pickup means 46 
while- holding the chip 30 thereon^ as generally 
indicated at an arrow B in Fig. 4. 

Subsequently, the chip 60 is subject to image 
pickup processing through the first image pickup 
means 46 while being kept at the state indicated at 
the arrow B in Fig. 4. resulting in the position and 
posture (rotation) of the chip 60 being recognized 
through the image processing unit. More specifi- 
cally, the image processing unit subjects an image 
signal generated from the first image pickup means 
46 to image processing, so that the positional- de- 
viation between the center of the suction nozzle 44 
and the center of the chip 60 and the deviation of 
the posture are determined as shown in Fig. 5, 
wherein A X. A Y. and A 6 inaicate the amount of 
deviation in the X direction (positional* deviation), 
the amount of deviation in the Y direction 
(positional deviation) and the amount of deviation in 
the rotational direction (deviation of posture), re- 
spectively. Then, as generally indicated at an arrow 
C in Fig. 4, a coordinate of the chip mounting 
position originally designated on the printed circuit 
board 32 supported at the fixed position on the 
board support rail 30 on the X-Y table 20 stopped 
at the predetermined position is corrected in view 
of the so-determined diviations A X, A Y and A e 
and additional deviations in the directions of X and 
Y. caused by the rotation of the suction nozzle 44 
for correcting A 9 , and then the operation of 
mounting the chip 60 on the printed circuit board 
32 is carried out. 

The chip mounting operation per se may be 
carried out in substantially the same manner as the 
prior art. In the operation, it would be considered 
that the chip 60 is misregistered with respect to the 
suction nozzle 44 during the movement of the 
suction nozzle 44 in the X-Y plane. However, such 
misregistration can be disregarded or does not 
adversely affect the mounting operation, because 
electrodes of the chip 60 each have a relatively 



large width and the interval between the electrodes 
is defined to be relatively large. 

Following the mounting of the chip 60 on the 
printed circuit board 32, mounting of a surface- 
5 mounting type IC element such as a QFP or the 
. like on the printed circuit board 32 is executed in 
such a. manner as shown in Fig. 6. More particu- 
larly, the suction nozzle 44 is moved to the circuit 
element pick-up position P of the second circuit 
10 element feed section 14 to hold a surface-mounting 
type I.C element 62 thereon by suction as generally 
indicated at an arrow A in Fig. 6. Then, the suction 
nozzle 44 is moved to a location above the IC 
element mounting position R defined above the 
75 second image pickup means 50 as indicated at an 
arrow B in Fig. 6 and concurrently the suction 
nozzle 44 rotates the IC element 62 to align it with 
a predetermined posture angle B at which the IC 
element is mounted on the printed circuit board 32. 
20 Thereafter, the suction nozzle 44 is not moved in 
the X-Y directions. During the operation, the X-Y 
table 20 is located at a location which effectively 
prevents the printed circuit board 32 from obstruct- 
ing the pickup of an image of the surface-mounting 
25 type IC element 62 through the second image 
pickup means. 

Then, an image of the IC element 62 is taken 
through the second image pickup means 50 while 
keeping ti*ie state indicated at tlie arrow B in Fig. 6, 
30 so that the position and posture (rotation) of the IC 
element 62 held on the suction nozzle 44 is recog- 
nized together with leads 64 of the IC element 62 
through the image processing unit. More particu- 
larly, an image signal generated from the second 
35 image pickup means 50 due to the image pickup 
by the means 50 is subject to image processing 
through the image processing unit to determine the 
positional deviation between the center of the suc- 
tion nozzle 44 and the center of the IC element 62 
40 and the deviation of posture of the IC element as 
shown in Fig. 7, wherein A X. A Y and A fl indicate 
the amount of deviation in the X direction 
(positional deviation), the amount of deviation in the 
Y direction (positional deviation), and the amount of 
45 deviation in the rotational direction (deviation of 
posture), respectively. Then, the X-Y table 20 is 
moved by an amount obtained by correcting the 
amount of movement of the X-Y table 20 deter- 
mined on the basis of a coordinate of the IC 
50 element mounting position designated on the print- 
ed circuit board 32 in view of the so-obtaind de- 
viations A X, A Y and additional deviations in the 
directions of X and Y. caused by the rotation of the 
suction nozzle 44 for correcting A 8 shown below, 
55 and also, as indicated at an arrow S in Rg. 8. the 
correction of rotation of the suction nozzle 44 is 
carried out in view of the amount of deviation of the 
posture A e , resulting in accomplishing accurate 
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alignment between the IC element mounting posi- 
tion designated on the printed circuit board 32 and 
the position of the.lC element 62 as show/i in Fig. 
8. Then, the suction nozzle 44 is lowered as in- 
dicated at an arrow T in Fig. 8 for mounting the IC 5 
element 62 on the printed circuit board 32. After 
the mounting, the suction nozzle 44 is upwardly 
returned to the original position in readiness for the 
next mounting operation, whereas the printed cir- 
cuit board 32 on which the circuit elements have io 
been mounted as described above is discharged 
from the X-Y table 20 through the board outlet to 
■ the board carrying conveyor 54. 

The circuit element mounting positions des- 
' • ignated on the printed circuit board 32 each have a is 
suitable adhesive means such as creamy solder, 
conductive adhesive, temporary adhesive or the 
like previously deposited thereon by printing. 

In the embodiment described above, after the 
surface-mounting type IC element 62 is recognized 20 
through the second image pickup means 50. the 
suction nozzle 44 merely carries out a function of 
vertically moving and a function of rotating by a 
micro angle for correction, so that the positional 
deviation of the IC element 62 after the operation 25 
for recognizing the position and posture of the 
element 62 may be substantially eliminated, result- 
ing in the IC element mounting operation being 
accomplished with high accuracy. 

Fig, 9 shows a second embodiment of a circuit 30 
element mounting apparatus according to the 
present invention. An apparatus of the illustrated 
embodiment includes an X-Y table 20 adapted to 
carry out both a function of rotating for correction 
and a function of vertically moving. More particu- 35 
larly. the X-Y table 20 includes a Y-direction slide 
table 26. a turntable 66 mounted on the slide table 
26 and a lift table 68 mounted on the turntable 66. 
Thus, -a board support rail 30 for supporting a 
printed circuit board 32 thereon and a means for 40 
positioning the printed circuit board 32 are ar- 
ranged on the lift table 68. The remaining part of 
the embodiment shown in Fig. 9 may be con- 
structed substantially in the same manner as the 
embodiment described above with reference to 45 
Figs. 1 to 3. 

In the second embodiment of Fig. 9 described 
above, image processing of an image signal gen- 
erated from a second image pickup means 50 
which has taken an image of a surface-mounting 50 
type IC element 62 held on a suction nozzle 44 by 
suction moved to an IC element mounting position 
R causes the positional deviation between the cen- 
ter of the suction nozzle 44 and the center of the 
IC element 62 and the deviation of posture of the 55 
IC element 40 to be determined. The amount of 
deviation in the X direction (positional deviation), 
the amount of deviation in the Y direction 



(positional deviation) and the amount of deviation in 
the rotational direction (deviation o\ posture) may 
be indicated at A X. A Y. and A e . respectively, as 
in the embodiment described above. Then, the X-Y 
table 20 is moved by an amount obtained by 
correcting the amount of movement of the X-Y 
table 20 determined on the basis of a coordinate of 
the IC element mounting position designated on 
the printed circuit board 32 in view of the so- 
obtained deviations A X. A Y and additional de- 
viations in the directions of X and Y. caused by the 
rotation, of the turntable 66 for correcting A Q 
shown below, and also, the correction of rotation of 
the turntable 66 is carried out on the basis of the 
current posture of the element at which the board 
support rail 30 is orientated in parallel to an X 
direction and in view of the amount of deviation of 
the posture A 6, resulting in accomplishing ac- 
curate alignment between the IC element mounting 
position designated on the printed circuit board 32 
and the position of the IC element 62. Then, the lift 
table 68 is raised, so that the mounting operation is 
executed. After the mounting operation, the lift ta- 
ble 68 is lowered and the turntable 66 is returned 
to the original position at which the board support 
rail 30 is caused to be parallel with the X direction. 

In the second embodiment shown in Fig. 9, the 
suction nozzle 44 is kept stationary in readiness for 
the next mounting operation after it reaches the IC 
element mounting position R within the X-Y plane, 
so that the positional deviation of the surface- 
mounting type IC element 62 after it is recognized 
through the second image pickup means 50 is 
completely prevented. 

The above-described second embodiment may 
be so constructed that the lift table 68 is eliminated 
from the X-Y table 20 and substitutionally the board 
support rail 30 and positioning means are arranged 
on the turntable 66. Such construction permits only 
the suction nozzle 20 to carry out the vertical 
movement after the* IC element 62 is recognized 
through the second image pickup means 50. 

In eacii of the embodiments described above, 
the second image pickup means 50 used has a 
significantly wide visual field and is fixed on the 
base 10. However, when the second image pickup 
means 50 used has a narrow visual field, it is 
required to move it. 

Fig. 10 shows a further embodiment of a circuit 
element mounting apparatus according to the 
present invention, which is adapted to incorporate a 
second image pickup means of a narrow visual 
field therein. For this purpose, an apparatus of the 
illustrated embodiment includes a base 10, a small- 
sized X-Y table 20* which is mounted at the bottom 
thereof on the base 10 and adapted to be moved 
within a predetermined range, and a second image 
pickup means 50 fixed on the X-Y table 20', result- 
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ir.o in the second image pickup means being mov- 
able. In such construction of the illustrated embodi- 
ment, the movement of the second image pickup 
means 50 permits the image of a required part of a 
surface-mounting type IC element 62 to be posi- 5 
tively taken, to thereby determine the positional 
deviation between the center .of the suction nozzle 
44 and the center of the IC element 62 and the 
deviation of posture of the IC element in a manner 
similar to Fig. 7. 70 

The remaining part of the embodiment shown 
in Fig. 10 may be constructed in substantially the 
same manner as the first embodiment described 
above. 

In the embodiment shown in Fig's. 1 to 3, the 75 
X-Y table 20 is kept free when the surface-mount- 
ing type IC element 62 is recognized through the 
second Image pickup means 50; therefore, the 
embodiment may be constructed- in such a manner • 
that the second image pickup means 50 is moun- 20 
ted on the periphery of the X-Y table 20. In this 
instance, it is preferable that the range of move- 
ment of the X-Y table 20 is increased to a degree 
sufficient to permit the ' second image pickup 
means 50 to be positioned in proximity to the IC 25 
element mounting position R of the suction nozzle 
44. 

As can be seen from the foregoing, the present 
invention is so constructed that the position and 
posture of the circuit element held on the suction 30 
nozzle moved to the circuit element mounting posi- 
tion in Ihe X-Y plane are recognized through the 
image processing unit including the image pickup 
means and then the suction nozzle is kept station- 
ary. Such construction of the present invention 35 
effectively prevents the positional and rotational 
deviation of the circuit elennent with respect to the 
suction nozzle, to thereby ensure the circuit ele- 
ment mounting operation with high accuracy. Such 
an advantage of the present invention can be re- 40 
markably exhibited when the mounting of a 
surface-mounting type IC element having the in- 
creased number of leads such as a QFP or the like 
is carried out. 

While preferred embodiments of the invention 45 
have been described with a certain degree of par- 
ticularity with reference to the drawings, obvious 
modifications and variations are possible in light of 
the above teachings. It is therefore to be under- 
stood that within the scope of the appended claims. so 
the invention may be practiced otherwise than as 
specifically described. 

Claims 

55 

1. A circuit element mounting method which is 

adapted to hold each of circuit elements (62) 
fed from a circuit element feed section (14) on 



a suction nozzle (44) by suction to mount it on 
a position designated on a printed circuit board 
(32) supported on an X-Y table (20). the im- 
provement which comprising the steps of: 

moving the suction nozzle (44) to a loca- 
tion above a circuit element mounting position 
(R) -in an X-Y plane while holding the circuit 
element (62) on the suction nozzle (44) by 
suction; 

recognizing the position and posture of the 
circuit element (62) held on the suction nozzle 
(44) by means of an image processing unit 
including an image pickup means (50); and 

moving the X-Y table (20) depending upon 
results of said recognizing step to carry out 
mounting of the circuit element (62) on the 
designated position on the printed circuit board 
(32). 

2. A circuit element mounting method as defined 
in Claim 1, wherein the suction nozzle (44) 
merely rotates for correction and vertically 
moves after the circuit element (62) is recog- 
nized through the image processing unit. 

3. A circuit element mounting method as defined 
in Claim 1. wherein the X-Y table (20) has a 
function of rotating for correction, so that the 
suction nozzle (44) merely verdcally moves 
after the circuit element (62) is recognized 
through the image processing unit. 

.4. A circuit element mounting method as defined 
■in Claim 1. wherein the X-Y table (20) exhibits 
both a function of vertically moving and a 
function of rotating for correction, so that the 
suction nozzle (44) is kept stationary after "the 
circuit element (62). is recognized through the 
image processing unit. 

5. A circuit element mounting apparatus for hold- 
ing each of circuit elements (62) fed from a 
circuit element feed section (14) on a suction 
nozzle (44) by suction to mount it on a position 
designated on a printed circuit board (32) sup- 
ported on an X-Y table (20). the improvement 
which comprising: 

an image pickup means (50) arranged at a 
position which permits an image, of the circuit 
element (62) held on said suction nozzle (44) 
moved to a location above a circuit element 
mounting position (R) in an X-Y plane to be 
taken a recognize the position and posture of 
the circuit elennent (62); 

said X-Y table (20) having a range of 
rnovement sufficient to permit an operation of 
moving the printed circuit board (32) so as to 
prevent it from obstructing image pickup of the 
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circuit element (62) through said image pickup 
means (50) and an operation oi coinciding a 
coordinate of the designated position on the 
printed circuit board (32) in said X-Y plane with 
said circuit element mounting position (R) to 5 
be carried out. • 

6. A circuit element mounting apparatus as de- 
fined in Claim 5. wherein said image pickup 
means (50) is movable within a predetermined w 
range. 

7. A circuit element mounting apparatus as de- 
fined in Claim 5, wherein said suction nozzle 

(44) merely rotates for correction and vertically is 
moves after the circuit element (62) is recog- 
nized through said image pickup means (50). 

8. A circuit element mounting apparatus as de- 
fined in Claim 5. wherein said X-Y table (20) 20 
has a function of rotating for correction, so that 

said suction nozzle (44) merely vertically 
moves after the circuit element (62) is recog- 
nized through said image pickup means (50). 

25 

9. A circuit element mounting apparatus as de- 
fined in Claim 5. wherein said X-Y table (20) 
exhibits both a function of vertically moving 
and a function of rotating for correction, so that 

said suction nozzle (44) is kept stationary after 30 
the circuit element (62) is recognized through 
said image pickup means (50). 

10. A circuit element mounting apparatus as de- 
fined in Claim 5, wherein said image pickup 35 
means (50) is mounted on said X-Y table (20). 

11. A circuit element mounting apparatus as de- 
fined in Clairh 10, wherein said range of move- 
ment of said X-Y table (20) is defined so as to 40 
permit said image pickup means (50) to be 
positioned in proximity to said circuit element 
mounting position (R). 

45 
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